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Experiment Background: ñPrecisionò frontier 

Magnetic  Field 

Does particle behavior match 

Standard Model predictions? 
ÅMass? 

ÅProduction rates? 

ÅDecay rates? 

ÅInteractions with other particles 

or fields (e.g. magnetic moment) 
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Experiment Background: Magnetic moment  
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ÅDirac theory: a charged, spin ½ 

elementary point particle has 
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Experiment Background : Testing the anomalous 

magnetic moment  

Å E-821 at BNL 

ï Latest measurement of the anomalous magnetic moment of a muon had a 3.3ů 

discrepancy from SM  

ï Uncertainty mainly due to HVP and HLBL terms in QCD prediction 

 

Å E-989 at Fermilab 

ï More than 21 times the amount of statistics than predecessor E-821 

ï  ŭaµ
exp = .54 ppm to .14 ppm improvement 

ï Reduced pion contamination, segmented detectors and an improved storage 

ring kicker 
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am
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Experiment Background: Muons in a storage ring  

1. Start with polarized muon beam (from pion decay) 

 

2. Cyclotron frequency: 

 

 

3. Spin precession frequency: 

w c = 
e

m g
 B

w S = 
e

m g
 B (1 + g  am )

momentum  

spin 
wa = wS ɬ wC = e/m am B 
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Jegerlehner & Nyffeler, Phys. Rept. 477 (2009) 1-110, arXiv:0902.3360v1 

Octavio Escalante | New Perspectives  8 

http://arxiv.org/pdf/0902.3360v1.pdf


Experiment Background: Muons in a storage ring  

 

ÅSelf-analyzing 
decay:  
Å Higher energy positrons 

emitted preferentially in 
direction of muon spin 

 

ÅSpectrum 
distortions 
Å  Pileup, gain stability 

Å  Beam effects, losses 
 

 

 

 

 

 

 

 

 

 

Time spectrum of decay positrons above 1.8 GeV/c2. Modulation is at frequency ɤa which is 

proportional to aµ (Courtesy of the E821 collaboration) 
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† is the muon lifetime, the magnitude of the 

amplitude A is determined by the energy cut, 

and the phase ◖ depends on the initial 

polarization of the muon ensemble. 
 



Experiment Background:  Instrumentation Upgrades  
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Experiment Background:  Instrumentation Upgrades  

Segmented 

compact PbF2 

Cherenkov 
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Laser Calibration System: Variable gain  

 

ÅGain fluctuations 

ïDangerous ñshort termò (within 700 Õs fill) fluctuations alter 

energy reconstruction and raise systematic error on ɤa to 

intolerable levels (>.01 ppm) 

 

ÅCalibration approach 

ïMonitor gain (Gcal) of all calorimeter elements by exciting and 

monitoring the entire system periodically with a common  light 

source (in principle, can ignore light source fluctuations) 

ïStatistical fluctuations in recorded data must be smaller than 

variations in Gcal (<.1% per hour) 
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